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What do we consider stress?  
“The impact of  any set of  abiotic and biotic factors negatively affecting the performance individually, and 
eventually deteriorating the growth rate of  the population through the reduction of  individual survival, growth and 
reproduction” (Grime 1989, Vinebrooke et al. 2004). 
 
Growth rate 
Davison & Pearson (1996) 
 
Non-stressful factors  
Limiting factors 
Disruptive factors 
High irradiance (PAR and UVR) 
High or Low temperature 
Freezing 
Drying 
Osmotic stress  
! CO2 
Responses 
UV 
!
-  Very severe system 
-  Unique strategies of  adaptation and acclimation 
-  To face variations in temperatue or UV radiation that 
occur in the natural environment 
- Successful development of  systems to control cellular 
response to environmental stress 
!
Macroalgae are frequently exposed to unfavorable 
environmental conditions.  
 
To survive, they have had to develop a complex signaling 
network that senses and protects them.  
 
This process generally leads to a response that either allows 
the cell to acclimate to the new conditions or to enter into a 
process leading to cell death.  
 
  
!
Cell signaling: responding to the outside world 
• Cells interact with their 
environment by interpreting 
extracellular signals via proteins 
located at their plasma 
membrane called “receptors” 
• The intracellular domain of  the 
receptors interacts with other 
intracellular signaling proteins 
• These intracellular signaling 
proteins further relay the 
message to one or more effector 
proteins 
• Effector proteins mediate the 
appropriate response 
!
When cells are stimulated by an environmental change, a 
complex network of  specific proteins phosphorylation/
dephosphorylation takes place. 
 
The central core of  this signalling network is a specific 
group of  phosphoproteins called Mitogen-Activated 
Protein Kinases (MAPKs), leading to the activation of  
specific group of  genes. 
!
MAPKs pathways comprise a core 
module of  three proteins kinases that 
are organized as functional units 
Modules =  3 protein kinases  
                                 + 
                   1 scaffold protein  
!
!
!
!MAPK are present in the 
microalga Dunaliella, and its 
operation is absolutely crucial 
for the response to 
environmental stress	  
Jiménez C, Berl T, Rivard CJ, Edelstein C.J. & Capasso JM. 2004. 
Biochimica et Biophysica Acta 1644: 61– 69. 
Previous research with 
MAPKs in algae  
!
2 M to 4 M NaCl 
2 M NaCl 
Inhibition of  p38- and JNK-like MAPKs 
!Inhibition of  ERK-like MAPK 
!
Effect of  the ERK inhibitor PD98059 on growth of  D. viridis 
Jiménez C, Cossío BR, Rivard CJ, Berl T & Capasso JM. 2007. 
Journal of Experimental Botany 58: 1001-1011. 
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Induction of  MAPK phosphorylation during emersion in intertidal macrophytes 
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Phospho-­‐JNK	  	  Phospho-­‐p38	  	  
Parages ML, Capasso JM, Niell FX & Jiménez C. 2014. Journal 
of Plant Physiology 171: 276-284. 
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OBJECTIVES:  
1) Detection of  the presence of  MAPKs (p38-like and JNK-like) in 
Arctic macroalgae  
2) MAPKs activation in response to temperature increase  
3) MAPKs activation under UV radiation stress 
!Saccharina latissima Laminaria solidungula 
Temperature	  
	  °C	  
PAR	  
(400-­‐700	  nm)	  
μmol	  fotones	  m-­‐2	  s-­‐1	  	  
UV-­‐A	  
(320-­‐400	  nm)	  
W	  m2	  	  	  
	  
UV-­‐B	  
(280-­‐320	  nm)	  
W	  m2	  	  	  
	  
2	   22.38	  (±2.93)	   9.68	  (±1.07)	  
	  
0.47	  (±0.03)	  
	  
7	   21.71	  (±2.68)	   10.60	  (±1.18)	  
	  
0.47	  (±0.03)	  
	  
!
The thalli were irradiated using two different lamps: PAR- Osram-Biolux L.36W/
965, GERMANY; UVA+ UVB (UVA-340, Q-Panel, USA)  
 
Each container was covered with different cut off  filters (Schott-WG 280 (Schott, 
Germany), Ultraphan 295 (Digefra GmbH, Germany), or Schott-GG 400 or 
Ultraphan 395) to obtain three radiation treatments : “P, PA and PAB” 
!
	  	  
Then, algae were immediately frozen in liquid nitrogen, and stored at -80 ºC until further 
processing ……..  
Physiological fitness of  algae was estimated by measuring the photosynthetic 
efficiency through PAM-fluorometry 
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Saccharina latissima Laminaria solidungula 
!
LIQUID 
NITROGEN 
PROTEIN  
EXTRACTION 
PARTIAL PURIFICATION 
(QGen protocol for protein extraction) 
PROTEÍN SEPARATION  
by SDS electrophoresis 
IMMUNOBLOTTING  
and IMMUNEDETECTION 
 with specific antibodies against 
 the phosphorylated forms 
 of  the main MAPKs 
p38 JNK 
IMAGE ANALYSIS  
through chemoluminiscence 
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Detection of  the presence of  p38- and JNK-like MAPKs in polar macrophytes 
!
Phosphorylation of  p38-like MAPK in S. latissima and L. solidungula after exposure to 
UVR and increasing temperature 
Saccharina latissima 
Laminaria solidungula 
!
Phosphorylation of  JNK-like MAPK in S. latissima and L. solidungula after exposure to 
UVR and increasing temperature 
Saccharina latissima 
Laminaria solidungula 
! SUMMARY:  
Phospho p38 
Phospho JNK Phospho JNK 
Phospho p38 
7ºC > 2ºC 
 
PAB ≥ PA > P 
7ºC < 2ºC 
 
PAB ≈ PA > P 
7ºC ≥ 2ºC 
 
PAB ≥ PA > P 
7ºC < 2ºC 
 
PAB ≈ PA > P 
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Laminaria solidungula Saccharina latissima 
!
The presence of  the inhibitor of  
the JNK cascade SP600125 leads to 
death of  the thalli a few hours after 
exposure to non-lethal dosis of  
UVR or high PAR in normal 
conditions of  operation of  the 
cascade of  signal transduction  
Crucial role of  MAPK phosphorylation in acclimation of  
seaweeds to stress 
